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ABSTRACT
Annual precipitation in subtropical, semiarid north-central Chile (308S) during rainy years comprises a few
(3–5) strong events in the fall and winter, which are presumably modulated by the Madden–Julian oscillation
(MJO). Precipitation from 1979–2009 was recorded daily at three stations along the Elqui Valley. The re-
lationship between the MJO and precipitation is investigated from two perspectives: 1) examining a MJO
index (MJOI) based on the actual precipitation events and 2) examining the likelihood of precipitation based
on a favorableMJOI. About 80% of the strong precipitation events at the coast in La Serena are related to an
activeMJOnear the central equatorial Pacific. These events are often typified by broad, slowmoving synoptic
systems in phase with the MJO propagation. Blocking in the far southeast Pacific is associated with pre-
cipitation 75% of the time, while deep troughs make up the rest.
A relationship between a MJOI and strong rainfall suggests that, though it could be used as a potential
diagnostic, the number of cases where there is a favorableMJOI but no precipitation (i.e., false alarms) limits
its utility. Additional criteria such as the Southern Oscillation (SO) and Antarctic Oscillation (AAO) phases
were used to reject false alarms. Rejecting cases with positive values of the SO index reduced the number of
false alarms from 70% to 58%, leaving about two false alarms for every correctly diagnosed event. The AAO
index could not discriminate between false alarms and real cases. While a favorable MJOI increases the
likelihood of precipitation in the Elqui Valley, false alarms remain problematic.
1. Introduction
Average annual precipitation along the Elqui Valley in
north-central Chile (308S) ranges from about 80 mm at La
Serena (near sea level) to near 180 mmatLaLagunaDam,
located at 3150 m altitude in the southeast branch of the
upper Elqui Valley (Fig. 1). Like other subtropical semi-
arid climates, precipitation is concentrated in fall and
winter (April–September) with large interannual variabil-
ity (Fig. 2). Large annual precipitation tends to coincide
with the development of a warm event of the El Niño–
Southern Oscillation (ENSO) cycle (El Niño), whereas
droughts are common during the opposite phase of this
cycle (La Niña). Precipitation totals during rainy years
primarily consist of a few (three to five) strong rainfall
episodes, possibly connected to an intraseasonal modula-
tion of the rainfall-favorable conditions associated with El
Niño, which include a weaker subtropical anticyclone and
equatorward-shifted storm tracks in connection with more
frequent blocking of the westerlies in the high latitudes of
the southeast Pacific (Rutllant and Fuenzalida 1991).
When analyzing dry spells during wet winters in central
Chile, Rutllant and Fuenzalida claim that those alternat-
ing rainfall anomaly patterns are compatible with intra-
seasonal oscillations. Furthermore, Rutllant andAceituno
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(1991) found a direct connection between westerly wind
anomalies in the central equatorial Pacific (immediately
westward of convective clusters) and positive geopotential
height departures at 500 and 200 hPa in the high latitudes
of the southeast Pacific. These results are consistent with
intraseasonal modes of the Pacific–South America (PSA)
teleconnection pattern between the central equatorial
Pacific convective clusters and downstream at higher
latitudes through the South Pacific to South America (Mo
and Higgins 1998a). Hormazabal et al. (2002) analyzed
satellite-derived surface winds over the southeast Pacific
and found positive correlations between westerly wind
anomalies in the central tropical Pacific and northerly
wind anomalies at 308S off the Chilean coast, the latter
representing a weakening of the southeast Pacific sub-
tropical anticyclone.
More recently, in a global-scale analysis of pre-
cipitation anomalies Donald et al. (2006) found a signifi-
cant association of positive rainfall anomalies in central
Chile with an active Madden–Julian oscillation (MJO)
(Madden and Julian 1994). Convection over the central
equatorial Pacific in austral winter is associated with
negative (positive) anomalies in the standardized mean
sea level pressure in the subtropical (subpolar) southeast
Pacific. Carrasco (2006) also explored the relation be-
tween the MJO and precipitation at eight stations
throughout central Chile (308–388S) and found a signifi-
cant correlation at all but two stations and recognized its
potential use for long-term forecasting. Barrett et al.
(2012) used satellite and rain gauge data to document the
effects of the MJO on precipitation for all of Chile and
the associated anomalies in the atmospheric circulation,
stressing the importance of the teleconnection from the
convective activity over the equatorial Pacific.
This work assesses the relationship of the MJO with
moderate to strong precipitation events as recorded at La
Serena, Vicuña, and La Laguna Dam at 150, 650, and
3150 m MSL, respectively. These stations, located along
the semiarid Elqui Valley in north-central Chile (308S),
have collected data over the last 31 years (1979–2009). In
section 2 the data sources and analysis methods are de-
scribed. Section 3 contains the results from two perspec-
tives: 1) examining the meteorological features and links
to a MJO index (MJOI) based on the actual precipitation
events (storm perspective) and 2) examining the meteo-
rological features and likelihood of precipitation based on
a precipitation-favorable MJOI (MJO perspective). The
analysis focuses on La Serena, but data from the other
stations is also shown and has similar features since pre-
cipitation often occurs simultaneously at all stations. We
explore an application of 2) by examining the possibility of
using the MJOI to assess the predictability of such pre-
cipitation events given a perfect forecast of the MJOI or
information on the precursor phases of the MJOI. A
synthesis and discussion of the results are provided in
section 4.
2. Data and methods
Time series of daily precipitation for La Serena, Vicuña,
and La Laguna Dam were obtained from the Dirección
FIG. 1. Meteorological stations along the Elqui Valley in semiarid
north-central Chile (308S).
FIG. 2. Annual precipitation (mm) at three sites along the Elqui
Valley: La Serena (black), Vicuña (light gray), and La Laguna
(dark gray).
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General deAguas (DGA,Chile) for the 31-yr period from
1979 to 2009. Meteorological data were obtained from the
National Centers for Environmental Prediction’s Climate
Forecast System Reanalysis (CFSR) (Saha et al. 2010).
This reanalysis is available at amaximum resolution of 0.38
every 6 h from 1979 until the present. The phase (1–8) and
amplitude (intensity) of the MJO come from a MJOI
defined byWheeler andHendon (2004; http://www.cawcr.
gov.au/staff/mwheeler/maproom/RMM/) through princi-
pal components of the multivariate empirical orthogonal
functions. Since most of the precipitation is centered in
austral winter, only the April–September period is con-
sidered. Here we define an ‘‘active’’ MJO as any time
when the amplitude of the MJOI is significant. Because
theMJO tends to bemore coherent and stronger in austral
summer–fall, significant amplitudes of the MJOI are de-
fined as those $1.0 during fall (April–June) and $0.7
during winter (July–September) to simply include more
cases. Other definitions of an active MJO require a mini-
mum duration and regular eastward propagation (e.g.,
L’Heureux and Higgins 2008), but we opted for a simpler
definition. There will, however, be a discussion on the
regularity of theMJOI propagation for the cases of strong
precipitation in La Serena.
Two general atmospheric circulation indices are also
considered: the Southern Oscillation index (SOI) (http://
www.cpc.ncep.noaa.gov/data/indices/soi), which may be
considered as a proxy for anomalies in the strength of the
southeast trade winds (positive for La Niña and negative
for El Niño) and, hence, the strength of the southeast
Pacific subtropical anticyclone, and the Antarctic Oscil-
lation index (AAOI) (http://jisao.washington.edu/data/
aao/), which represents anomalies in the latitudinal po-
sition of the westerly wind belt and associated storm
tracks. Given that just three to five strong precipitation
events characterize rainy years in this region, strong
(moderate) rainfall events have been defined as those for
which the total precipitation of the event equals or exceeds
25% (12%) of the average annual accumulation at the
corresponding station over one or more consecutive days.
Therefore, thresholds for strong (moderate) events have
been set to 20, 25, and 40 mm (10, 15, and 25 mm) for La
Serena, Vicuña, and La Laguna, respectively.
3. Results
a. Storm perspective
At La Serena there are 65 cases that occurred from
1979 to 2009 during austral fall and winter that have at
least moderate rainfall ($10 mm)—of which 33 are
classified as strong rainfall events ($20 mm). Primary
emphasis of the results is placed on strong events since
these are more prone to disaster scenarios including
flooding and landslides. Highlights of the following dis-
cussion are summarized in Table 1, which also include
Vicuña and La Laguna that have similar results to La
Serena. The strong rainfall episodes at La Serena are
associated with persistent rainfall since 91% of the cases
last 2 or more days with a median of 2 and an average of
2.6 days. This suggests a tendency toward slow-moving
systems rather than being intense and short lived. More
than half (17 of 33) of the strong rainfall events at La
Serena happened simultaneously with precipitation at
the other two stations, indicating that the strong events
tend to be nonlocal phenomena and are often energetic
enough to penetrate all the way up the valley. All of
these events occurred while there was an active MJO
next to the central equatorial Pacific. Although simul-
taneous precipitation at all three locations in the Elqui
Valley increases the chances of flooding downstream,
snow accumulation in the upper watershed secures wa-
ter supply during the growing and dry seasons.
Significant amplitudes of the MJOI are associated with
78% (51 of 65) of the moderate to strong events, in-
creasing to 82% (27 of 33) in the case of the strong events
at La Serena. A frequency distribution of these 27 with
respect to the MJOI phase illustrates the dependence on
the location of the equatorial convective complex (Fig. 3).
While the frequency ofmoderate and strong events peaks
at phase 1 and reaches a minimum at phases 4 and 5, 25
out of 27 strong events are concentrated in phases 7, 8, 1,
and 2 when the convective phases of the MJO drift east-
ward over the central equatorial Pacific (i.e., from 1408E
to 1408W, around the date line). No strong precipitation
episodes have happened during phases 4–6 over the last
30 years. It is interesting to note that during a strong
El Niño the convection associated with phase 2 is more
TABLE 1. Summary of the conditions for the strong events at each of the observing stations in the Elqui Valley from the
storm perspective.
Strong events MJO any phase
MJO
phase 7, 8, 1, 2
Previous
phases 3–4
and 5–6
Previous
phase only
5–6 Blocking Deep trough
La Serena 33 27 25 17 6 25 8
Vicuña 35 27 20 16 4 25 10
La Laguna 21 16 14 11 2 13 6
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intense and reaches farther eastward, rather than being
damped short of crossing the central equatorial Pacific
(e.g., Hendon et al. 1999; Kessler 2001).
Since the MJO is an irregular oscillator, the eastward
advancement of the equatorial convection is examined to
understand its propagation previous to the precipitation
events in La Serena. Figure 4 depicts the state of the
MJOI during the 15 days prior to the rain event, from light
gray at day215 toward darker colors and the rain event is
indicated by a black square. While many of the individual
events are preceded by an eastward (counterclockwise)
propagation of the equatorial convection in a ‘‘regular’’
way, there are events with erratic behavior. It is not
always the case that there is a significant MJO in the
previous phases, but it is common. For instance, 17 of the
25 strong events under a favorable MJO also had an ac-
tive MJO in both the previous phases 3–4 and 5–6, while
an additional 6 cases were preceded by a significant phase
of just 5–6 (not in 3–4). A simple average of the 15-day
progression starts in the middle of phase 6 and ends
between phases 1 and 8. Regardless of the occasional
irregular propagation of theMJO, there is a link between
abnormally strong convection located in phases 7, 8, 1, or
2 and favorable precipitation conditions in central Chile,
consistent with the PSA teleconnection pattern at inter-
seasonal time scales (e.g., Mo and Higgins 1998a).
A similar circulation anomaly pattern stands for the
interannual time scale when favorable conditions for
precipitation in north-central Chile are present during the
developing stage of El Niño (in austral winter–spring
when convection has drifted to the vicinity of the central
equatorial Pacific). Favorable conditions include a weaker
subtropical anticyclone and storm tracks shifted equator-
ward that coincide with more frequent blocking of the
westerlies (i.e., persistent positive geopotential height
anomalies throughout the troposphere) in the high lati-
tudes of the southeast Pacific (Rutllant and Fuenzalida
1991). Therefore, anomalous circulation features favor-
able to the development of precipitation in central Chile
during the warm ENSO phase seem to be modulated
by the MJO, producing alternating enhancement and
weakening of such features. An example of such a block-
ing pattern at 500 hPa is shown in Fig. 5a and consists
of a negative height (cyclonic) anomaly north of a positive
height (anticyclonic) anomaly. The other common feature
depicted in Fig. 5b is a deep trough pattern associated with
an elongated negative height (cyclonic) anomaly with a
northwest–southeast axis immediately west of South
America and the Antarctic Peninsula. For 25 of the 33
(75%) strong precipitation events at La Serena, a block-
ing pattern was present, and the other 8 events (25%)
were characterized by a deep trough. This indicates that
the blocking pattern, while the most common, is not a
necessary feature.
A composite of synoptic conditions associated with the
strong precipitation events that occur during an active
MJO is illustrated in Fig. 6. The exact synoptic features do
vary from event to event but share the common features
that appear in the composite. The surface cyclone is
present two days before the rain event and it intensifies
while its center moves northward beneath a 500-hPa
trough that extends equatorward (sometimes developing
into a cutoff low as seen in the individual cases). Low-level
westerly wind intensifies as the trough approaches the
north-central Chilean coast and diminishes as the upper-
level features slowly progress eastward. The broad, slow
moving features are consistent with being ‘‘teleconnected’’
FIG. 3. Distribution of the number of moderate and strong (light
gray) and strong only (dark gray) rainfall events for each phase bin
of the MJOI (Wheeler and Hendon 2004).
FIG. 4. A phase space diagram depicting the state of theMJO for
the rain events associated with an active MJO in La Serena. The
actual event is indicated by the small solid square and its tail ex-
tends from the rain event (black) back until 15 days (light gray).
The thick line is the average of all oscillations.
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to the convective complex in the equatorial regions,
impacting a broad area and moving eastward at near
the same speed as the convective complex, which takes
several days to progress from phase to phase. The
result is persistent rain over the Elqui Valley with a
stronger than normal westerly wind component that
would contribute to enhanced orographic precipita-
tion up the valley.
Examining the six cases of strong precipitation that
were not associated with an active MJO, we find sev-
eral different situations. One case was a 2-day event in
La Serena and Vicuña with an MJOI in phase 2 but
with amplitude slightly below the defined threshold
(0.6 instead of 0.7) during El Niño conditions that
could be considered a marginal case. Three other
events were also observed during the warm phase of
the SO (negative SOI). In particular, two of them pre-
sented a negative SOI and a negative AAOI, both
contributing to rainfall favorable conditions: a weaker
subtropical anticyclone and an equatorward shift in the
westerlies. The last two events occurred during near-
neutral conditions and correspond to cutoff lows, which
are largely independent of the ENSO phase (Fuenzalida
et al. 2005).
Changes in the subtropical anticyclone and shifts in the
westerlies are succinctly represented by the aforemen-
tioned general circulation indices. Anomalies related to
changes in those indices are useful in diagnosing their
relative contribution to strong precipitation in north-
central Chile. Most important are the changes to the
surface pressure field (weakening of the anticyclone) and
zonal wind (strengthening of the westerlies that enhance
orographic precipitation). To this end, composites based
on each index were created for 31 years of CFSR data
utilizing only data from May to August (Fig. 7). Only
significant anomalies in the zonal wind are shown. Sig-
nificance is determined by Monte Carlo experiments at
the 90% level. For each point a random subset of 20 days
is resampled and averaged and this is repeated 1000 times
to construct a distribution. The null hypothesis that the
mean of the distribution is zero is rejected if zero lies in
the lower 5%or upper 95%of the distribution.When the
null hypothesis is rejected, the mean is significant. On the
left are the unfavorable conditions for precipitation:
positive AAO, positive SOI (i.e., La Niña), and MJOI
in phase 4, 5, or 6. On the right are the favorable condi-
tions for precipitation: negative AAO, negative SOI (i.e.,
El Niño), and MJO in phase 7, 8, 1, or 2. When the con-
ditions are favorable, the anticyclone is weakened by
0.75–2.25 hPa and westerly wind off the Chilean coast
is increased by 0.5–1 m s21. The exact position of the
anomalies varies between the indices, but maximum
pressure anomalies are centered on 408S and zonal wind
anomalies are centered on 308S.
There is likely interaction between the favorable con-
ditions of each index. Interdependence of the indices has
been proposed by Carvalho et al. (2005) who found that
25%of theAAOvariancewas linearly related to the state
of ENSO. Given the similar time scales of the AAO and
MJO (30–60 days), Matthews and Meredith (2004) sug-
gested that seven days after convection in the equatorial
Indian Ocean the AAO reaches a maximum. Conversely,
Pohl et al. (2010) argued that at intraseasonal time
scales both the AAO and ENSO and also the AAO and
MJO have insignificant correlations. However, Pohl and
Matthews (2007) showed that El Niño (La Niña) condi-
tions are associated with faster (slower) eastward propa-
gation of the MJO convective complex and shorter
(longer) lifetimes during the equinoctial seasons (March–
May and October–December). Therefore, if the indices
are largely independent of each other, one would expect
to see constructive or deconstructive behavior in their
FIG. 5. The 500-hPa geopotential height (m, contours) and their
anomaly from the 30-yr CFSR climatology (color, m) for (a) an
example of a blocking scheme on 10 Apr 1980 and (b) an example
of a deep-trough scheme on 4 Jun 2002.
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signals. For example, anMJOI in phase 7, 8, 1, or 2 during
El Niño may result in a larger anomaly than either alone.
Regardless of the fundamental interrelations, it is prac-
tical to know how these potentially interact. Favorable
(unfavorable) conditions during the rainy season are
combined together and their composites are shownon the
right (left) of Fig. 8. As implied by the frequent occur-
rence of both El Niño and an MJO in phase 7, 8, 1, or 2
during precipitation events, these do indeed show a con-
structive behavior. The favorable combinations show
negative pressure anomalies between 2.5 and 3.5 hPa and
westerly wind anomalies increasing to 1–1.5 m s21 over
a broad area. Between all of the combinations of indices,
the composites of the synoptic conditions during heavy
rain events best resemble the combinedElNiño andMJO
in phases 7, 8, 1, and 2.
Not shown are the composites that are deconstructive,
that is, combining a favorable and unfavorable index.
Not surprisingly, combining favorable with unfavorable
indices leads to only small anomalies, so the figure is
essentially void of significance. Nevertheless, the impact
of this finding is important because it demonstrates that,
even if there is a favorable and strong MJO (phase 7, 8,
1, or 2) but it takes place during La Niña, for example,
the competing anomalies would tend to cancel any fa-
vorable signal normally produced by theMJO alone and
decrease the likelihood of a strong precipitation event.
b. MJO perspective
In the previous section the synoptic conditions and state
of the MJOI were identified based on the observed pre-
cipitation events. It was found that, when precipitation
occurred, theMJOI was predominately in phase 7, 8, 1, or
2. In this section the problem is approached from the
other direction: the likelihood of precipitation is explored
based on theMJOI. Both approaches provide a diagnostic
relationship between theMJOand the precipitation in the
Elqui Valley. Furthermore, by using the MJOI as an in-
dicator for the likelihood of precipitation it may be
possible to use the developed diagnostic relationship and
a predicted MJOI as a forecasting tool.
Each MJOI precipitation-favorable period is examined
to identify if a rain event occurred or not. Given that
precipitation in this semiarid climate is in general scarce, it
is likely to have a MJOI favorable for an event but no
precipitation occurs (i.e., ‘‘false alarms’’). In fact, utility of
theMJOI to identify rain events would be severely limited
if there were too many false alarms. To assess such oc-
currences, periods that fulfill the condition of the MJOI
amplitude above the threshold and in phase 7, 8, 1, or 2
were selected and are classified into a hit (favorableMJOI
and an event occurred), a miss (unfavorable MJOI but an
event occurred), or a false alarm (favorable MJOI but no
event occurred). From this information, the probability of
detection (POD) and false alarm rate (FAR) are calcu-
lated. For each station, the data is broken down into
moderate only, strong only, and either moderate or strong
events. The results between the stations are similar and
are summarized in Table 2. Strong cases have the highest
POD rate of;0.75 for strong events, but the FAR is 0.84–
0.90. TheFAR isdecreased for cases of eithermoderate or
strong precipitation, but the POD decreases as well since
the moderate cases are harder to detect using the MJOI
and have a POD of 0.43–0.52 for the three stations.
Due to the abundance of false alarms, wemay conclude
that the MJOI alone is not sufficient to unambiguously
identify the precipitation events. Using just the cases with
an active MJO (excluding misses), during austral autumn
(winter), about 25% (35%) events that are moderate or
strong are correctly diagnosed using just the MJOI,
leaving about 75% (65%) as false alarms. To reduce the
number of false alarms, other criteria are sought to dis-
card unlikely days and are summarized in Table 3. Con-
sistent with the constructive (deconstructive) interference
of concurrent favorable (unfavorable) conditions in the
SO and AAO demonstrated by the composites in Fig. 8,
the number of false alarms may be decreased using
this additional information. Discarding events when the
FIG. 6. Composite of the mean sea level pressure (hPa, solid), 10-m wind (m s21, vectors), and 500-hPa height (gpm, dotted contours) for
the strong precipitation events associated with a favorable MJOI.
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FIG. 7. Composites from the CFSR from May to August based on climate indices of the
anomalies in surface pressure (hPa, contours with negative dashed and positive solid) and 10-m
zonal wind (m s21, color). The climate index (EN: negative SOI, LN: positive SOI; MJOnnn
indicates theMJOI phases) and number of days (N) is indicated in the upper left of each panel.
Only significant zonal wind anomalies are plotted.
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FIG. 8. As in Fig. 7 but for combinations of indices that are indicated in the upper left of
each panel.
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SOI $ 0.6 (i.e., La Niña) reduces the number of false
alarms to 63% (53%) in fall (winter). A threshold of 0.6 is
used because it optimally rejects false alarms without
rejecting correctly diagnosed events. Using this criterion,
one eventwith 11.5 mmof precipitation only at La Serena
during autumn and one event during winter with 23.3 mm
only at Vicuña during winter would also be discarded but,
since these events are marginal, the error is acceptable.
Using the SOI decreases the number of false alarms by
eliminating events during La Niña conditions when pre-
cipitation is unlikely even given a favorable MJOI.
Using the AAOI as an additional criterion further re-
duces the amount of false alarms, but at the cost of in-
correctly discarding several real events of strong
precipitation. If the SOI $ 0.6 or the AAOI $ 0.6, the
number of false alarms is reduced to 46% (32%) in fall
(winter), but 8% (9%) of the total cases are incorrectly
discarded. This is a large number since 31% (26%) of the
precipitation events are not retained in the fall (winter).
While SOI is a good criterion to detect and discard false
alarms, the AAO is not because it is unable to efficiently
discriminate between events with and without pre-
cipitation. As a result, AAO should not be used as an
additional criterion for eliminating false alarms.
So far, only a diagnostic relating the MJOI to pre-
cipitation has been discussed. Ideally, the relationship of
that diagnosis would be used to help guide forecasters
toward predicting the likelihood of precipitation over
the Elqui Valley. This requires either a prediction of the
MJOI through numerical methods or considering the
precursor phases. Although there is skillful predictability
of theMJOI through numericalmethods, the exact limit of
how many days in advance is still an unresolved issue.
Since theMJO is a slow oscillator, it is reasonable to think
that the long-range predictability would be from four
weeks to two months (e.g., Van den Dool and Saha 1990).
The actual skillful prediction of the MJO from numerical
and statistical models is currently closer to 15–20 days
(e.g., Goswami andXavier 2003; Fu et al. 2007; Jiang et al.
2008; Seo et al. 2009) with a theoretical upper limit of;30
days that was put forth byWaliser et al. (2003). So, we can
likely obtain skillful forecasts of the future state of the
MJOI with a lead time of at least two weeks making
theMJOI a viable long-term forecast tool. Considering the
precursor phase is another viablemethod since often there
is regular propagation of a strongMJO. In fact, fromTable
1, for 23 of the 25 strong precipitation events associated
with a favorable MJOI there was also a significant ampli-
tude in the previous phases of 3–4 and 5–6 or just 5–6.
False alarms remain to be a problem in such a semi-
arid climate, and it is unlikely that it will be entirely al-
leviated by other criteria. Assuming a perfect forecast of
the MJOI that can be used to flag possible events and
discarding events with SOI values $0.6, between half
and a third of the possible events turn out to be falsely
predicted. Given this, a forecaster could still use these
criteria as an early warning indicator of possible strong
precipitation events, keeping in mind the high tendency
for false alarms. This, in addition to the misses (cases
that are not associated with an active MJO), limit long-
term predictability. We can conclude here that there
is an increased likelihood for precipitation during the
favorable MJO period, but one must be aware of the
number of false alarms.
4. Conclusions and discussion
Precipitation in the semiarid Elqui Valley is an im-
portant issue due to its infrequent nature with only a few
TABLE 2. Summary of the MJOI-precipitation diagnostic from the
MJO perspective.
Events Hits Misses False alarms POD FAR
La Serena
Moderate 32 15 17 141 0.47 0.90
Strong 33 25 8 140 0.76 0.85
Both 65 40 25 108 0.62 0.73
Vicuña
Moderate 29 15 14 144 0.52 0.91
Strong 35 26 9 138 0.74 0.84
Both 64 41 23 109 0.64 0.73
La Laguna
Moderate 30 13 17 143 0.43 0.92
Strong 21 16 5 152 0.76 0.90
Both 51 29 22 122 0.57 0.81
TABLE 3. Summary of the percentage of events at La Serena during a favorable MJOI including discarding events based on
SOI and AAOI.
Event
No discarding SOI $ 0.6 SOI $ 0.6 or AAOI $ 0.6
Fall Winter Fall Winter Fall Winter
False alarms 75 65 63 53 46 32
Correctly predicted and not discarded 25 35 24 34 17 27
Discarded correctly 0 0 12 12 29 32
Real event discarded 0 0 1 1 8 9
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strong precipitation events making up much of the total
annual rainfall in rainy years, largely associated with El
Niño and neutral phases of the ENSO cycle. Surface
stations along the Elqui Valley at three locations were
used to identify precipitation events over the last 31 years
(1979–2009). Specifically, an active MJOI in phase 7, 8, 1,
or 2 is associated with intense precipitation events often
characterized by a broad, slow-moving cyclone consistent
with a large-scale teleconnection pattern. No strong
events have happened during anMJOI in phase 4, 5, or 6.
Blocking of the westerlies in the high latitudes of the
southeast Pacific is associated with 75% of the events,
while a deep trough in themidtroposphere off theChilean
coast characterizes the rest. Blocking can be linked to
a positive PSA teleconnection pattern, while the deep
trough is consistent with a negative PSA teleconnection
pattern (Mo and Higgins 1998a; Vargas et al. 2006).
Composites of the anomalous surface pressure and zonal
surfacewind during favorable (unfavorable) conditions in
the MJO, ENSO, and AAO revealed their individual
influence on the region and combining the composites
revealed their constructive (destructive) interference.
The composite that included both theMJO in phases 7, 8,
1, and 2, and also El Niño had similar conditions to the
composite of the synoptic conditions during strong pre-
cipitation events.
Knowing that for many of the precipitation events the
MJOI is in phase 7, 8, 1, or 2, the periods with a favorable
MJOI were examined to determine hits, misses, and
false alarms. Approaching the problem in that way
allowed an assessment of the MJOI as a diagnostic for
precipitation events. While POD was 0.75 for strong
precipitation, the FAR was 0.85. Of all the times when
there is a favorable MJOI, for the fall (winter) there are
25% (35%) correctly diagnosed precipitation events
while the remaining 75% (65%) are false alarms. Dis-
carding events during La Niña (SOI $ 0.6) reduced the
amount of false alarms by 12%. The samewas attempted
with the AAO but, despite the apparently favorable and
unfavorable conditions associated with the AAO, it was
unable to effectively differentiate between precipitation
and nonprecipitation events. This is consistent with
Montecinos et al. (2011) who found that the relationship
between the first principle component of precipitation in
central Chile and the AAO is not significant. This may
in part have to do with the definition of the AAO since
the index is defined around the entire zonal band and
it gives more weight to hemispheric blocking events (i.
e., multiple locations with blocking) rather than re-
gional (single location) blocking in the far southeast
Pacific. Blocking at just one location happens fre-
quently, even though there is also hemispheric
blocking, especially with wave 3 (Trenberth and Mo
1985). Other simple criteria, such as the ‘‘regularity’’
in the MJO propagation speed, seem unlikely at this
point to reduce the amount of false alarms (1.5–2.5
false alarms for every correctly predicted event) and
improve the diagnostic.
Even though the diagnostic is not without flaw, onemay
use this as an indicator of a greater likelihood of pre-
cipitation. Forecasters may employ these ideas using ei-
ther the precursor MJO phase or a numerical forecast of
theMJOI to gain more information. At this point, there is
an increased likelihood of precipitation based on the
MJO, but one most keep in mind the number of false
alarms that occur.
The Elqui Valley contrasts with other regions where
rain is more prevalent, normally distributed, and is
clearly modulated by the phase of the MJO (e.g., Mo
and Higgins 1998b; Barlow and Salstein 2006; Becker
et al. 2011; Martin and Schumacher 2011). The rarity
and large variability of precipitation in the Elqui Valley
(only 33 strong rainfall events in 31 years of data at La
Serena) creates challenges for using theMJOI as a long-
term predictor of fall and winter rainfall.
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